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Methods

Introduction
The declining populations of native bees is concerning to many, since they provide important ecological
functions, such as pollination. Native bee populations can be supported in several ways, such as reducing
their exposure to pesticides, planting native flowers, or providing nesting habitat. About 30% of native
bees are cavity nesting, meaning that they lay brood in hollowed out stems, or other similar holes (USDA,
2007). A bee barn made up of eleven artificial nest boxes was set up in the Spencer J. Roemer Arboretum.
The bee boxes are made of wood and filled with natural reeds of various sizes, which are intended to be
similar to the cavities in which native bees would normally lay their brood. Bees tend to select tubes that
are the width of their own body so that the brood fits tightly and is less susceptible to parasitism, so
having both 6mm and 8mm tubes provides multiple cavity sizes that have the potential to support many
species of native bees (McIvor, 2017). After bees lay brood in these tubes, they cap them with materials
such as mud or grass. Bee brood develops in these tubes, and they emerge as adults throughout the
summer. When the temperature drops, the bees overwinter in these tubes as pupa before emerging in
the spring.
The goals of this study were to examine the occupancy patterns of artificial nest sites to show how they
might support a diversity of native bees. Photographs of bee tubes were examined for occupancy
throughout the summer. During the winter, these tubes were opened and the overwintering pupae inside
of the tubes were categorized. Patterns of summer and overwintering occupants of bee boxes provide an
understanding of how artificial nests can support a diversity of native bees.

Photographs of the bee boxes from the bee barn (Fig. 1) were taken on five
occasions from June through August. Each tube in each box was given a number so
that I could keep track of changes in tube occupancy over time (Fig. 2). Each tube
was labeled small or large, corresponding to approximately 6mm or 8mm,
respectively. In every set of photos, each tube was labeled by its capping material.
They were categorized as partly filled, not filled, filled with light mud, filled with dark
materials, or filled with grass. Different building materials may indicate the presence
of different insect species occupying the tubes. The partly capped tubes may be
filled with brood, but not fully capped yet, or it could be the remnants of the capping
materials after adult bees emerge from the tubes.
At the end of January, five bee boxes were removed from the bee barn and stored in
a cold room so that their occupants would not emerge as adults. Photographs of
each box were taken on the same day that they were brought inside. Each tube was
given a number. The size of each tube, as well as if it was uncapped, capped with
mud, or filled with grass was recorded. Each tube was opened and its contents were
examined (Fig. 3). Cocoons were given a name based on a possible identification or
by a description of their appearance. The number of bees and the main content
were recorded, as well as the second or third contents when applicable. The
presence of multiple types of occupants may indicate parasitism.

Figure 1. Artificial bee
boxes on the bee barn.

Figure 2. Numbered tubes in a nest box.

Figure 3. Bee cocoons inside of
an opened nest tube.

Discussion

Results

Tube occupancy for both large and small tubes changed over the course of the summer. Both had a large proportion of
uncapped tubes throughout the entire summer. The small tubes appeared to have a higher proportion of tubes capped
with light mud early on in the summer than the large tubes (Fig. 4). As the summer progressed, both the large and small
tubes had an increasing proportion of tubes filled with dark mud (Fig. 4). By late summer, unfilled tubes, partly filled
tubes, and tubes filled with light mud, dark mud, and grass were all present (Fig.5). These findings indicate the changing
bee fauna present in the Arboretum from early summer to late summer, and suggest that the artificial nests can support a
variety of bee species.

Figure 4. Proportion of large and small tubes filled with each type of capping material
throughout the summer.

Figure 5. Types of tube fillings.

There were many different occupants found to be overwintering in the nest tubes. In particular, there were three types of
pupae that are likely to be the targeted native bees. “Leafcutter A” (Fig.7A) was the most common type of overwintering
bee as the main content of a majority of both small and large tubes (Fig. 6). Pupae that looked like they were mason bees
(Fig. 7B) were the second most common type of bee, but they were far less abundant. Although it was not abundant, a
second type of leaf cocoon, “Leafcutter B” (Fig. 7E) was another bee species overwintering in the artificial nesting cavities.
There were also many other occupants of the tubes that were not bee species; however, none of these occurred at high
frequencies. “Grass cocoons” (Fig. 7C) and “grass tubes” are indicative of grass carrying wasps. Another group of
occupants, including the “narrow cylinders” (Fig. 7D) belong to non-bee insects, such as species of flies or wasps. Other
overwintering insects were unknown. These are possibly bees, but may also belong to non-bee insect species. From these
data we can conclude that providing artificial nest cavities may in fact support a variety of species, including native bee
species. The advantage provided by artificial nests, however, may not benefit all species evenly.

References
Maclvor J.S.(2017).Cavity-nest boxes for solitary bees: a century of design and research. Apidologie. 48:311–327.
DOI: 10.1007/s13592-016-0477-z

Figure 6. Number of large and small tubes with each type of overwintering main content

USDA (2007). Enhancing nest sites for native bee crop pollinators. Agroforestry Notes. Retrieved from:
https://www.plants.usda.gov/pollinators/Enhancing_Nest_Sites_For_Native_Bee_Crop_Pollinators.pdf

A.

B.

C.

D.

E.

Figure 7. Insect cocoons removed from artificial nest cavities. (A) Leafcutter A. (B) Mason
Bee. (C) Grass Cocoon. (D) Narrow Cylinders. (E) Leafcutter B.

Figure 8. A leafcutter bee
entering a tube in an
artificial nest box .
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